Abstract. The aim of the present study was to analyze the association between laryngeal cancer and vocal cord leukoplakia in a large nationwide practice database. The study sample included 1,184 patients aged 18-90 years from 113 otorhinolaryngology practices in Germany who were diagnosed with vocal cord leukoplakia between 2007 and 2014. The rates of laryngeal cancer diagnosis within 5 years and the associated risk factors were analyzed. Within 6 months of initial diagnosis of vocal cord leukoplakia, 11% of the patients were diagnosed with laryngeal cancer. Between 7 months and 5 years after the diagnosis of leukoplakia, laryngeal cancer was diagnosed in 7.6% of the patients. Overall, within 5 years of leukoplakia diagnosis, 18.6% of the patients were diagnosed with laryngeal cancer (26.1% of men and 6.3% of women; P<0.001). Moreover, 31.3% of patients aged >65 years, 16.1% of patients aged 50-65 years and 7.6% of patients aged <50 years were diagnosed with laryngeal cancer (P<0.001). Patients aged >65 and those aged 50-65 years had a higher risk of being diagnosed with laryngeal cancer [odds ratio (OR)=4.90 and 2.55, respectively]. Furthermore, the risk of being diagnosed with laryngeal cancer was higher in men compared with that in women (OR=4.09). In the present real-world analysis, the rate of laryngeal cancer underlying vocal cord leukoplakia at first diagnosis appeared to be higher compared with the secondary malignant transformation rate occurring later during the course of the disease. Risk factors for laryngeal cancer included advanced age and male sex.
Introduction
The clinical and descriptive term 'leukoplakia' denotes a white patch on a mucosal surface identified on macroscopic examination. The underlying pathology includes various lesions, such as squamous hyperplasia with or without keratosis, epithelial dysplasia of various grades of severity, carcinoma in situ (CIS) or invasive carcinoma. Therefore, biopsy and histological examination are warranted to obtain a definitive diagnosis (1, 2) . The most important etiological factors for the development of laryngeal precancerous lesions, as well as malignant transformation to invasive carcinoma, are tobacco and alcohol abuse. In recent years, gastroesophageal reflux has also been considered to play a causative role (3) . Other possible etiological factors are occupational hazards (e.g., asbestos), nutritional deficiencies, vocal abuse, chronic infections and hormonal disorders (4, 5) .
The association of vocal cord leukoplakia with laryngeal carcinoma has been the subject of numerous clinical studies and meta-analyses over the past decades, which have been mainly based on data from hospitals (3, 6, 7) . The rates of carcinoma underlying leukoplakia at first diagnosis and the secondary malignant transformation rates in the later course of the disease vary widely between studies, which is due to a marked sampling or case selection bias of hospital-based studies when compared with the general population, selecting more severe cases and higher transformation rates in specialized centers (6) . The only population-based study on vocal cord leukoplakia and laryngeal cancer with supposedly less biased data included a limited number of cases, only 108 over a period of 49 years (8) . Current data from the German healthcare system on vocal cord leukoplakia and its association with laryngeal cancer have yet to be published.
The status of otorhinolaryngology practices in particular, with their role as first diagnostic gatekeepers, has yet to be examined. Thus, the aim of the present study was to investigate the current epidemiological status of vocal cord leukoplakia and its association with laryngeal cancer in otorhinolaryngology practices in Germany, based on data from a large and representative nationwide practice database.
Materials and methods
Database. The Disease Analyzer database (QuintilesIMS, Frankfurt, Germany) compiles drug prescriptions, diagnoses, and basic medical and demographic data obtained directly and in anonymous format from computer systems used in physicians' practices (9) . Diagnoses (ICD-10), prescriptions [Anatomical Therapeutic Chemical (ATC) Classification System], and the quality of reported data are monitored by QuintilesIMS based on a number of criteria, such as completeness of documentation and association between diagnoses and prescriptions, among others.
In Germany, the sampling methods used for the selection of physicians' practices were considered appropriate for obtaining a representative database of such practices (9) . The sampling method for the Disease Analyzer database is based on summary statistics from all physicians in Germany published yearly by the German Medical Association. IMS uses these statistics to determine the panel design according to specialist group, German federal state, community size category, and age of the physician. This panel design forms the basis for the selection of practices included in the Disease Analyzer. The sampling plan is subdivided into 8 geographical regions, which are groupings of the 16 German federal states. This stratification results in 176 cells, derived from the summary statistics for the specialist fields, and is proportional to the summary statistics for the German federal states. Within each region and specialist field, a minimum of 7 physicians must be sampled to allow for estimates for each region at the specialist field level. The database has already been used in several studies focusing on cancer (10) (11) (12) .
Study population. The study sample included patients aged 18-90 years, from 113 otorhinolaryngology practices, who were diagnosed with vocal cord leukoplakia (ICD-10: J38.3, plus an original note by the physician containing the term 'leukoplakia') between January 2007 and December 2014 (index date). Patients were followed up for a maximum of 5 years. In order to guarantee the accuracy of the estimation of the progression of leukoplakia to laryngeal cancer, patients with a documented diagnosis of cancer (C00-C99) prior to the index date were excluded.
Study outcome and independent variables. The primary outcome measure was the rate of patients with a confirmed diagnosis of malignant neoplasm of the larynx, including malignant neoplasm of the glottis (C32.0), malignant neoplasm of overlapping sites of the larynx (C32.8) and unspecified malignant neoplasm of the larynx (C32.9). Malignant neoplasms of the supraglottis (C32.1), subglottis (C32.2) and laryngeal cartilage (C32.3) were excluded. Independent variables included age and sex.
Statistical analysis. Descriptive analyses were obtained for all variables and mean ± standard deviation (SD) was calculated for normally distributed variables. Kaplan-Meier curves were used to analyze the percentage of patients who developed laryngeal cancer over time in the different sex and age groups. Finally, multivariate Cox regression models (dependent variable, incidence of cancer diagnosis) were used to determine laryngeal cancer risk when adjusting for age and sex. P-values<0.05 were considered to indicate statistically significant differences. Analyses were performed using SAS software, version 9.4 (SAS Institute, Inc., Cary, NC, USA).
Results
Patient characteristics. Socio-demographic data pertaining to the individuals included in the present study are shown in Table I . A total of 1,184 patients in 113 practices were available for analysis. The mean age was 58.2 years (SD, 14.0 years), and 61.8% of patients were men.
Laryngeal cancer diagnosis by age and sex. Kaplan-Meier curves for the diagnosis of laryngeal cancer are shown in Figs. 1 and 2. Within 6 months of initial diagnosis of vocal cord leukoplakia, 11% of the patients were diagnosed with laryngeal cancer. Between 7 months and 5 years after leukoplakia diagnosis, laryngeal cancer was diagnosed in 7.6% of the patients. Overall, within 5 years of leukoplakia diagnosis, 18.6% of the patients were diagnosed with laryngeal cancer (26.1% of men and 6.3% of women; log-rank P-value<0.001, Fig. 1 ). Moreover, 31.3% of individuals aged >65 years, 16.1% of individuals aged 50-65 years, and 7.6% of individuals aged<50 years were diagnosed with laryngeal cancer (logrank P-value<0.001, Fig. 2 ). Similar trends were observed for the three different age groups among men (38.4, 21.7 and 14.7%, respectively; log-rank P-value<0.001) and women (14.5, 4.4 and 0.9%, respectively; log-rank P-value<0.003).
Among patients who developed laryngeal cancer, 46.6% were diagnosed with malignant neoplasm of the glottis (ICD-10: C32.0), 1.5% with malignant neoplasm of overlapping sites of the larynx (ICD-10: C32.8), and 51.9% with unspecified malignant neoplasm of the larynx (C32.9). The results of the Cox regression model are presented in Table II . Patients aged >65 and those aged 50-65 years were at a higher risk of being diagnosed with laryngeal cancer (OR=4.90 and 2.55, respectively). Furthermore, the risk of developing laryngeal cancer was higher in men compared with that in women (OR=4.09).
Discussion
Using data from a large nationwide practice database, the present study analyzed the association of laryngeal cancer with vocal cord leukoplakia in 1,184 patients from 113 otorhinolaryngology practices in Germany. Within 6 months of initial diagnosis of vocal cord leukoplakia, 11.0% of the patients were diagnosed with laryngeal cancer, while between 7 months and 5 years after initial leukoplakia diagnosis, 7.6% of the patients were diagnosed with laryngeal cancer. Male sex and older age were found to be risk factors for the diagnosis of laryngeal cancer in these patients.
The association between laryngeal leukoplakia and cancer has been the subject of numerous clinical studies and metaanalyses in recent decades. The terminology and classification of this spectrum of lesions has changed markedly over time. While in early studies the term 'keratosis' was used as a clinical term interchangeably with leukoplakia (6), in current terminology 'keratosis' is strictly reserved for a histological finding of a keratin layer on squamous epithelium (3). Moreover, the histological spectrum of laryngeal precancerous lesions underlying the clinical finding of vocal cord leukoplakia has been classified using a variety of grading systems over the years. Early classifications subdivided histology into keratosis without atypia (KWOA) vs. keratosis with atypia (KWA), or into grades I, II and III according to Kleinsasser (hyperplasia without atypia, hyperplasia with atypia and CIS, respectively) (13) (14) (15) (16) (17) . Other histological grading systems, such as those for squamous intraepithelial neoplasia (SIN) or laryngeal intraepithelial neoplasia (LIN), were subsequently developed (18, 19) . The most frequently used classifications today are the SIN system, the Ljubljana classification of squamous intraepithelial lesions (SIL) and, particularly, the WHO dysplasia system with a subdivision into hyperplasia, mild, moderate and severe dysplasia, and CIS (20) (21) (22) (23) .
In 1991, Bouquot and Gnepp published a review of studies on malignant transformation rates of various laryngeal precancerous lesions: Laryngeal keratosis (leukoplakia according to the authors' terminology), KWOA vs. KWA and laryngeal CIS (6) . The studies revealed malignant transformation rates of 0.6-39.7% for laryngeal keratosis, 0.0-16% for KWOA, 5.6-40.0% for KWA and 3.5-90.0% for laryngeal CIS.
In 2008, Isenberg et al reviewed 15 clinical studies on vocal cord leukoplakia between 1960 and 2005 and included their own data from 136 patients (7) . A total of 3,107 cases were included. Histological examination revealed no dysplasia in 53.6%, mild to moderate dysplasia in 33.5% and CIS in 15.2% of the biopsies. The malignant transformation rates in lesions with no dysplasia, mild to moderate dysplasia and CIS were 3.7, 10.1 and 18.1%, respectively. The overall malignant transformation rate (all lesions from all studies) was 8.2%.
In 2009, Gale et al reviewed 9 clinical studies with a variety of different histological classifications between 1982 and 2003 (n=2,841 patients) and added their own data spanning 25 years (n=1,268 patients) (4). Corresponding grades of different classification systems were pooled and the following malignant transformation rates were observed: Group of squamous hyperplasia and KWOA, 0-4.1%; group of mild dysplasia, SIN I, LIN I and basal-parabasal hyperplasia, 0-11.5%; group of moderate dysplasia, SIN II and LIN II, 4-24%; and group of severe dysplasia, SIN III, LIN III, atypical hyperplasia and CIS, 9.3-57%. The total transformation rates of all grades together ranged from 2.3% in the authors' own data to 21.4% in a study by Blackwell et al (24) . The authors' own data represents the largest study on the topic to date, and reported transformation rates that were substantially lower compared with previous studies: 1.1% in squamous hyperplasia and basal/parabasal cell hyperplasia, 9.5% in atypical hyperplasia and 2.3% in all grades combined.
While the aforementioned clinical studies analyzed the malignant transformation rate of various precancerous lesions with known histology, the perspective of primary healthcare providers in daily otorhinolaryngology practice is based on a population with leukoplakia of initially unknown histology. As leukoplakia is merely a descriptive clinical term without any histological or prognostic implications, it is important to bear in mind that a certain percentage of these leukoplakias already contain carcinoma at the time of first presentation. Reliable and unbiased data on the rates of carcinoma underlying vocal cord leukoplakia at first presentation in contrast to secondary malignant transformation in the later course of the disease is scarce in the literature. In 1991, Bouquot et al published the first population-based study on laryngeal keratosis (leukoplakia according to the authors' terminology) and laryngeal cancer in the literature (8) . Histological examination revealed underlying invasive cancer in 12% (carcinoma at diagnosis), while the secondary malignant transformation rate (carcinoma after diagnosis) was merely 1%. In comparison to 10 previous studies with hospital-based data from 1953-1983, which reported carcinoma at diagnosis in 3.5-66.7% and carcinoma after diagnosis in 0.0-42.0% of the patients, the rates of the present study were at the lower end of the spectrum, which may be explained by the minimal sampling/case selection bias in a population-based study when compared to hospital-based studies.
The results of the present German study of a representative nationwide practice database are in line with the findings of Bouquot's population-based study. The Kaplan-Meier curves revealed a steep increase in laryngeal cancer diagnoses within 6 months after the initial diagnosis of leukoplakia, followed by a flat increase towards the end of the study period. The initial steep increase most likely represents cases with carcinoma underlying the initial leukoplakia (carcinoma at diagnosis), while the later flat increase represents those with malignant transformation in the later course of the disease (carcinoma after diagnosis). The overall rate of laryngeal carcinoma diagnosis increased steeply to 11.0% within 6 months of leukoplakia diagnosis, while it increased by only 7.6% over the following 4.5 years, which is comparable to the magnitude of the population-based study of Bouquot et al (8) . Our data indicated a similar tendency, but with a higher estimated proportion of secondary malignant transformation, which may be explained by the increased mean age of our study participants when compared to the study of Bouquot et al (58 vs. 50 years, respectively). When compared to Isenberg's pooled malignant transformation rate of 8.2%, our estimated rate of 7.6% was within the same range (7).
The proportion of male patients with vocal cord leukoplakia in the present study was 61.8%, which is at the lower end of the spectrum compared with the results of previous studies (6, 25, 26) . In addition, the present study identified advanced age as a risk factor for the diagnosis of laryngeal carcinoma in patients with vocal cord leukoplakia. This may be easily explained by the latency of progression from precancerous lesions to invasive cancer, and is consistent with the findings of previous studies (8, 27) .
Our study was subject to several limitations. First, an exact differentiation between carcinoma at diagnosis and carcinoma after diagnosis was not possible, as the data were based solely on ICD codes, whereas clinical information and histological results were not included in the database. In addition, no information on TNM status or stage was available. Moreover, although neoplasms of the supraglottis, subglottis and laryngeal cartilage were excluded, it cannot be ascertained whether the diagnosed cancers have evolved from the previously diagnosed leukoplakia or possibly from another laryngeal site. For the same reason, the diagnostic procedures were not standardized and the accuracy of the diagnoses could not be validated. Finally, information on pre-existing medical conditions and risk factors, including smoking behavior, alcohol use and gastroesophageal reflux, was lacking. Moreover, other relevant parameters, such as voice quality or quality of life, could not be obtained.
An advantage of the study design is the presentation of a large and current sample of routine demographic data from the German healthcare system (real-world data), which allows for a certain reliability of the results and associations. To the best of our knowledge, this is the first time that the association of vocal cord leukoplakia with laryngeal cancer has been analyzed systematically using a representative nationwide practice database. In comparison to previous studies with hospital-based data, a sampling or case selection bias is most likely reduced by the present study design.
In conclusion, this representative nationwide study of otorhinolaryngology practices in Germany revealed that approximately 1 in 5 patients with vocal cord leukoplakia exhibited either carcinoma at diagnosis or malignant transformation within 5 years. A high index of suspicion by physicians is required in older patients, particularly in men. A close follow-up of high-risk patients is recommended, even if the results of the initial biopsy were negative.
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